Early yeast Golgi cisternae mature to generate late Golgi cisternae, a process that appears to be 
25
S. cerevisiae can be used to study the regulation of Golgi structure. In a microscopy-26 based screen to identify thermosensitive mutants defective in Golgi inheritance, we also 27 identified mutants that contained fewer and larger Golgi cisternae (Rossanese et al., 2001) . A 28 similar phenotype had been described for the arf1Δ mutant (Gaynor et al., 1998) . S. cerevisiae 29 contains the closely related genes ARF1 and ARF2, with ARF1 accounting for ~90% of the only mild defects in secretion (Gaynor et al., 1998; Stearns et al., 1990b) . We find that a 1 thermosensitive mutant has enlarged Golgi cisternae due to impaired function of the N-myristoyl To clarify the mechanisms that generate enlarged Golgi cisternae, we used 4D 6 fluorescence microscopy. The results indicate that during Golgi maturation, early Golgi cisternae 7 mature more slowly and less frequently in arf1Δ cells than in wild-type cells. By contrast, after 8 the early-to-late Golgi transition, the maturation kinetics in arf1Δ cells are essentially normal. 9 The consequence of these selective changes is a severe reduction in the number of late Golgi 10 cisternae. Our analysis highlights the importance of kinetic parameters for regulating the size and 11 copy number of dynamic compartments.
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Results
1
A mutation in NMT1 yields enlarged late Golgi cisternae 2 A thermosensitive mutant showed larger and fewer late Golgi cisternae as marked by Sec7-GFP 
11
To identify the mutated gene, a genomic library was screened for complementation of the (Fig. 1B,C) . The nmt1 allele had a 16 T400I mutation, and the growth and Golgi size phenotypes were rescued by reverting this 17 mutation in the genome (Fig. 1B,C and supplementary material Fig. S1 ). Thus, a point mutation 18 in NMT1 leads to enlarged late Golgi cisternae.
20
Golgi enlargement can be caused by reduced Arf activity 21 One substrate for Nmt1 is Golgi-associated Arf, a GTPase that recruits multiple effectors, 22 including the COPI coatomer and clathrin adaptors (Donaldson and Jackson, 2011; Kahn, 2009 ).
23
Because Arf activity depends on N-terminal myristoylation, we suspected that the enlarged Golgi 24 cisternae in the nmt1 strain were due to reduced myristoylation of Arf.
25
This hypothesis was tested in two ways. First, we compensated for impaired Nmt1 26 activity in the mutant strain by overexpressing ARF1. Elevated Arf1 levels suppressed the Golgi 27 size phenotype, and this effect was lost if the mutant cells were cured of the plasmid (Fig. 1B,C   28 and supplementary material Fig. S1 ). Second, we deleted ARF1 to confirm that reduced Arf 29 levels cause Golgi enlargement in our strain. Indeed, arf1Δ cells contained a small number of
30
Journal of Cell Science Accepted manuscript 6 late Golgi cisternae that were often abnormally large ( Fig. 2A,B) . Thus, depletion or partial 1 inactivation of Golgi-associated Arf leads to larger and fewer late Golgi cisternae.
2
It was reported that arf1Δ cells also had enlarged endosomes (Gaynor et al., 1998) (Fig. 2C) . However, FM 4-64 is a bulk membrane marker that moves from the endocytic 6 pathway to the late Golgi/TGN (Lewis et al., 2000) , and most of the Sec7-GFP-labeled structures 7 also labeled with recently internalized FM 4-64 in both wild-type and arf1Δ cells (Fig. 2C) 
Combining these equations yields:
The implications are that changes in maturation frequency or persistence time could alter the 7 number of cisternae, and that a selective change in one of the persistence times could alter the 8 ratio of early to late Golgi cisternae. and Table 1 ), we identified cisternae that acquired and then lost either GFP-Vrg4 or Sec7-DsRed.
25
Our analysis revealed a striking effect: the arf1Δ mutation selectively increased the early
26
Golgi persistence time p E . The p E / p L ratio was ~1 in wild-type cells but ~2 in arf1Δ cells (Table   27 1). This finding can explain why the number of early Golgi cisternae E was similar to the number 28 Journal of Cell Science Accepted manuscript 9 of late Golgi cisternae L in wild-type cells, whereas E was about twice as large as L in arf1Δ 1 cells.
2
Another clear difference between the two strains is the maturation frequency m, which 3 was ~2.5-fold greater in wild-type cells than in arf1Δ cells (Table 1) . We infer that the entire 4 early Golgi maturation process is slowed in arf1Δ cells, with early Golgi cisternae persisting 5 longer and maturing less frequently than in wild-type cells. 6 7 Golgi cisternae undergo homotypic fusion 8 Table 1 shows a comparison of the measured values E and L, and the corresponding predicted cisternae E is higher than the predicted value m x p E for both strains.
12
To explore this discrepancy, we reevaluated the rationale for using m x p E as an estimate 13 of E. Because the spatial and temporal resolution of the 4D movies was insufficient for counting 14 early Golgi formation events directly, we assumed that the frequency of early Golgi formation 15 events matched the frequency of early-to-late Golgi conversion events. This assumption will be 
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As a consequence of homotypic fusion, the frequency of early Golgi formation events is higher 20 than the maturation frequency m, so m x p E is an underestimate of the number of early Golgi 21 cisternae.
22
Despite the limitations caused by homotypic fusion, the quantitative framework yields 23 two strong conclusions (supplementary material Fig. S4) over, the copy number of a Golgi compartment depends on how often the compartment forms 5 and how long it persists. The total amount of Golgi material is presumably comparable in 6 different strains, so when the number of Golgi cisternae in a strain is abnormally small, the 7 average size of the cisternae is abnormally large. Thus, the rates of processes that transform a 8 maturing compartment can dramatically influence compartmental size and copy number. Wild-type strains were grown at 30°C unless otherwise indicated. Thermosensitive mutants were 10 grown at 25°C, and then shifted to 37°C for 30 min before analysis. Molecular biology 11 procedures were simulated and recorded using SnapGene software (GSL Biotech, Chicago, IL,
12
USA; http://www.snapgene.com).
13
Integrating or centromeric plasmids were transformed into yeast using the lithium acetate 
12
To revert the T400I mutation in the nmt1 mutant, a fragment of the wild-type NMT1 gene sites. The number of spots was then counted in randomly chosen full-size "mother" cells. Transmitted light images were captured in the blue channel. The pixel size was 70-90 nm. For measurements of cisternal size, a confocal 3D data set was opened with Imaris. After 11 the image was cropped, the surface fill option was used to define a closed surface around each 12 fluorescent structure of average diameter at least 0.5 μm, with objects being smoothed using a 13 filter radius of 0.05 μm. The rendered 3D objects were then analyzed to obtain the desired times of early and late Golgi cisternae, 20 cisternae that could be seen to acquire and then lose 6 either the early or the late Golgi marker were chosen at random from the 10 movies, and the 7 fluoresence duration for each cisterna was measured. To measure the frequency of homotypic 8 fusion, the number of early or late Golgi fusion events was counted during a 2-min interval for 9 each movie. Cisternae that underwent homotypic fusion were excluded from the measurements 10 of persistence times.
Correlative fluorescence microscopy and electron tomography 13 Wild-type or arf1Δ strains carried a Sec7-3xmEGFP gene replacement plus an integrating vector Table 1 . Parameters for Golgi maturation in wild-type and arf1Δ cells. 
